Abstract Ti 1-x Sn x O 2 nanoparticles have been successfully prepared by solvothermal method. Sn (II) chloride dihydrate powder and Ti (IV) chloride liquid were used as Sn and Ti precursors in HCl/HNO 3 acid mixture. SEM and EDX analyses showed that the precipitated powders are composed mainly of Ti, Sn and O elements. While the sample treated at 100°C showed high-intensity chlorine EDX peak, the one treated at 150°C did not. XRD patterns showed that precipitated powder at 150°C for different reaction time intervals (6-48 h) were in the form of rutile crystallographic structure. Calculated crystallite size (*1.30 nm) using Scherrer's formula and WilliamsonHall plot showed that the micro strain effect was very low. UV-Vis spectrometry showed that two absorption peaks could be detected at 3.86 and 3.62 eV, respectively. The obtained results can open the door toward synthesis of other nanocomposite semiconductors at low temperatures without the need of further annealing and with unique properties.
Introduction
The tailoring and designing of nanocomposites powders and thin films based on semiconducting oxide materials are important objectives for advanced industrial applications (Beltrán et al. 2008; Chou and Wang 2006; Aprile et al. 2008; Zakrzewska 2001; Santen and Neurock 2006) . Mixed oxide compounds, such as solid solutions of ZnOSnO 2 , WO 3 -TiO 2 , SnO 2 -WO 3 and SnO 2 -TiO 2 , seem to be promising candidates for various technological applications. Such complex oxide systems may benefit from the combination of the best physical and chemical properties of the pure compounds (Chou and Wang 2006; Aprile et al. 2008; Zakrzewska 2001; Santen and Neurock 2006) . Among all, mixed semiconducting oxide systems based on both ceramic TiO 2 and SnO 2 material with rutile structure are an attractive group of materials in terms of the electronic, optical properties, thermal and chemical stabilities (Beltrán et al. 2008; Santen and Neurock 2006) . TiO 2 is an n-type wide band gap (E g *3.0 to 3.2 eV) semiconductor that has been extensively studied by many research groups in the last decade (Nho and Cuong 2008) . It has been widely employed in many photocatalytic applications for pollutants decomposition and in photo electrochemical solar cell fabrication (Hamoon et al. 2011) . On the other hand, SnO 2 is an n-type wide band gap semiconductor (E g *3.6 eV) that has several interesting properties which have made it a reliable material for catalytic and gas sensing applications.
TiO 2 and SnO 2 nanopowders and thin films are prepared by various synthesis techniques (Beltrán et al. 2008; Shang et al. 2004; Bueno and Varela 2006) . Hydrothermal (water medium) or solvothermal (solvent medium) method is an outstanding route of synthesis of narrow size distribution nanoparticles and low particle agglomeration nanostructures with high purity. They are usually carried out in a sealed vessel (bomb, autoclave, etc.) where water or solvents are brought to temperatures above their boiling points by increasing the pressures resulting from heating. Unlike the cases of co-precipitation and sol-gel methods, the Here in we report on the results obtained from the synthesis and characterization of TiO 2 -SnO 2 nanoparticles using the solvothermal method. The factors affecting the synthesis process were investigated. The produced materials were also characterized by studying the chemical composition, morphological structure and optical properties.
Experimental

Materials
Tin (II) chloride dihydrate powder (SnCl 2 Á2H 2 O, 98 %, Sigma-Aldrich) and titanium (IV) tetrachloride liquid (TiCl 4 , 99 %, Sigma-Aldrich) were used as tin and titanium precursors. Hydrochloric (HCl, 35 %, Adwic) and nitric acids (HNO 3 , 65 %, Adwic) were used as dissolving and oxidizing agents for stannous chloride. Ammonia solution (NH 4 OH, 25 %, Adwic) was used as a base. Bi-distilled water was used for making solutions, dilution and washing the products. All chemicals were used in this study were of pure grade and used without any further treatment.
Synthesis process
The solvothermal synthesis process was carried out in a Teflon-lined stainless steel autoclave. A clear solution was obtained through mixing of proper amounts of tin chloride and titanium tetrachloride. The pH of the solution was adjusted to 7 by adding ammonia solution dropwisely. The mixture was then introduced into the autoclave and subjected to heat treatment at 100-200°C for 6-48 h. Then the cooled precipitates were filtered, washed with distilled water, dried and kept for further investigations.
Characterization of the prepared powders
White precipitates were obtained after completing the course of the reaction. Morphologies and chemical compositions of the precipitated powders were investigated by scanning electron microscope (SEM; Jeol JSM-5410, Japan). EDX analysis was performed to study the chemical composition of the precipitated powders. Crystal structure and phase identification of the precipitated powders were performed at room temperature by X-ray diffraction (XRD; Bruker axs D8, Germany) with Cu-K a (k = 1.5418 Å ) radiation and secondary monochromator in the 2h range from 20°to 80°. Crystallite size was calculated using Scherrer's formula. Micro strain broadening was also investigated using Williamson-Hall's plot. UV-Vis spectrum was recorded at room temperature in the wavelength range from 200 to 900 nm using a spectrophotometer (UVVis, JASCO V-570, Japan).
Results and discussion
Microstructure and composition Figure 1a , b shows the SEM images and EDX analyses of the samples prepared at 100 and 150°C for 6 h, respectively. It is clear that the samples are composed mainly of compact and nonporous structures. The materials after centrifuging and drying look like multilayers stacks composed of interconnected nanoparticles. The nanoparticles show high degree of agglomeration. This might be due to acidic solutions nature during synthesis. EDX analyses showed that both samples are composed mainly of titanium, tin and oxygen. However, the sample processed at 100°C shows the presence of appreciable amount of elemental Cl which is characterized by high-intensity peak (Fig. 1c) . The presence of such amount of Cl might be due to incomplete reaction at 100°C. In contrary to this, the sample solvothermally treated at 150°C does not show any EDX peak for Cl (Fig. 1d) . This indicates that the reaction at 150°C is completed. The weight and atomic percentage of the elements derived from the EDX data are summarized in Table 1 . The calculated x = Sn/Sn ? Ti atomic ratios for samples prepared at 100 and 150°C are 0.47 and 0.43, respectively.
Crystal structure and phase identification Figure 2 shows the XRD patterns of the as-prepared TiO 2 -SnO 2 samples at 150°C, for different time intervals from 6 to 48 h. The diffraction stick patterns of titanium tin oxide phase (JCPDS card # 01-07-4411), rutile (TiO 2 , JCPDS card # 75-1753) and cassiterite (SnO 2 , JCPDS card # 77-0450) are also shown there for comparison. It is clear that the prepared samples have polycrystalline rutile structure. Generally, the diffraction peaks are broad with noticeable low intensities. The main diffraction peaks from the crystallographic planes (110), (101), (200) and (211) of rutile structure are comprised between the lines corresponding to SnO 2 and TiO 2 phases. There is a slight shift in the peak positions toward higher diffraction angels upon increasing the reaction time intervals. This shift might be due to the progression of the lattice parameters from those of SnO 2 to those of TiO 2 as the reaction proceeded. This result is in agreement to that obtained from EDX analysis. This means that more SnO 2 are involved in the reaction which is indicated by the increase in the interplanar d hkl spacing, since Sn 4? has larger ionic radius (0.071 nm) than that of Ti 4? (0.068 nm) (Naidu and Virkar 1998) .
The crystallite size (Cs) of the prepared material has been evaluated by Scherrer's formula:
where k is a correction factor taken as 0.94, k is wavelength of Cu target-K a X-ray radiations (0.15418 nm) used, b is broadening of diffraction line measured at half of its maximum intensity (FWHM in radian), and h is Bragg's diffraction angle (in degree). The crystallite size of the prepared Ti 1-x Sn x O 2 nanoparticles calculated based on the highest intensity diffraction plane (110) has been found to be 1.30 nm. The crystallite size as a function of reaction time intervals is represented in Fig. 3 . Crystallite size can be affected by the micro strain which may lead to a systematic shift of atoms due to poor crystallinity, point defects or plastic deformation that cause peak broadening. Combining Scherrer's formula (broadening due to crystallite size) together with strain (broadening due to strain) effect, we can get the following formula:
The total broadening b total equals:
where b c is the broadening due to crystallite size and b str broadening due to strain. Then b total can be expressed as:
By plotting b total cos h versus sin h, we can get Williamson-Hall straight line (inset in Fig. 3) , where the slope will be the gradient 4e and the intercept will be kk/Cs from which crystallite size can be calculated. The crystallite size (Cs) is found to be 1.35 nm. This value reflects that broadening resulting from micro strain effect is very low.
Optical properties Figure 4 depicts the normalized absorbance UV-Vis absorption spectrum of the sample prepared at 150°C for 6 h. The absorption peak is most likely splitted into two absorption bands. The absorption edge and band gap energies can be detected and calculated from the spectrum data. The absorption edge for the first peak is determined to be 321 nm. This is corresponding to a band gap of 3.86 eV. The other peak is detected at 342 nm which is corresponding to the band gap energy of 3.62 eV. The sample shows blue shift toward higher energy gap from that of single TiO 2 and SnO 2 .
Conclusions
Nanocomposite coupled semiconducting powders based on TiO 2 -SnO 2 have been synthesized successfully. Tin (II) chloride dihydrate powder and titanium (IV) chloride liquid were used as Sn and Ti precursors in HCl/HNO 3 acid mixture at reaction temperature of 100-200°C for reaction time intervals of 6-48 h. The sample prepared at 100°C showed incompletion of the reaction, since intense chlorine EDX peaks are detected. Calculated crystallite size was in the range of *1.30 to 1.35 nm using Scherrer's formula and Williamson-Hall plot. UV-Vis spectrum showed that two absorption peaks could be detected at 3.86 and 3.62 eV, respectively. The obtained results can open the door toward synthesis of other coupled semiconductors at low temperatures without the need of further annealing and with unique properties.
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